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(57) Abstract 

[Purpose] To provide an alkaline battery zinc alloy powder, with low cost and good 
fluidity, using which an injection nozzle can be prevented from clogging when supplying 
gel into a cell, and which has excellent quantifiability properties, that can be obtained by 
reforming the surface of zinc powder, and a manufacturing method thereof. 
[Constitution] Powder is formed by employing compressed air using an atomizing 
method from a melt of molten zinc with a purity of 99.995% or greater to which additive 
components are added to a specified content, and the zinc alloy powder obtained is 
classified as 100 to 200 mesh. To this powder, afterwards, isopropyl alcohol, in which 
stearic acid is dissolved at 0.0005 to 0. 1 part by weight with respect to isopropyl alcohol at 
I part by weight, is added and mixed at 1 .0 part by weight to zinc alloy powder at 1 00 
parts by weight, and is dried afterwards, so that the stearic acid attaches to the surface of 
the power. Zinc alloy powder thus obtained has excellent fluidity of 33-40sec/50g by J1S 
Z2502. 

[Scope of Claims] 

[Claim 1] An alkaline battery zinc alloy powder, which is atomized from a melt of refined 
molten zinc alloyed with additive metal components, wherein the surface is treated using 
stearic acid at 0.0005 to 0.1 part by weight to said zinc alloy powder at 100 parts by 
weight. 

[Claim 2] An alkaline battery zinc alloy powder according to claim 1, wherein said zinc 
alloy powder is alloyed with the addition of at least one or more components selected from 
Al, Bi, In and Pb. 

[Claim 3] An alkaline battery zinc alloy powder according to claim 2, wherein the 
contents of said alloyed components are; Al at 0.001 to 0.01 percent by weight, Bi at 
0.001 to 0.05 percent by weight, In at 0.01 to 0.1 percent by weight, and Pb at 0.01 to 1.0 
percent by weight. 

[Claim 4] A manufacturing method of an alkaline battery zinc alloy powder in which 
powder is formed from a melt of refined molten zinc alloyed with additive metal 
components using an atomizing method, wherein after a solution in which stearic acid is 
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dissolved in an organic solvent is added to and mixed with zinc alloy powder, the organic 
solvent is volatized and dried by heat or under reduced pressure, and thus the stearic acid 
attaches to the surface of said zinc alloy powder. 
[Detailed Description of the Invention] 
[0001] 

[Field of Industrial Application] The present invention relates to a zinc alloy powder, 
which serves as a negative electrode agent (negative electrode active material) of an 
alkaline battery, and a manufacturing method thereof. 
[0002] 

[Prior Art] Heretofore, zinc or zinc alloy powder has been used for the negative electrode 
agent of a battery such as an alkaline dry cell. Since zinc has high hydrogen overvoltage, 
and its price is comparatively low, it is used preferably as a negative electrode agent. 
[0003] 

This zinc alloy powder is mixed with an electrolyte and a gelling agent to form a 
gel zinc negative electrode agent, which is afterwards injected into a cell such as a size C 
type, a size D type or the like, and thus incorporated in an alkaline dry battery. However, 
there are problems in that in the case where a zinc alloy powder with inferior fluidity is 
used, the quantifiability properties deteriorate, and in particular in the case where the gel is 
injected into a small sized cell such as amicrocell or the like, the injection nozzle gets 
blocked. 
[0004] 

The fluidity of zinc powder is affected by the shape of the particles, and it is 
known that the greater the shape approximates a sphere, the better the fluidity. However, 
the shape of the particles of a zinc powder produced in a so called atomizing method in 
which high pressure gas is injected into a zinc melt to powderize it does not become 
spherical, and is likely to become fusiform or tear drop shaped because an oxide film 
produced on the surface of a particle during atomizing increases the viscosity of the 
droplet. Therefore, the gel zinc negative electrode agent in which zinc powder with such a 
particle shape is used has a drawback in that the particles become turbulent, increasing 
the friction, and making it inferior in regards to fluidity. 
[0005] 

Therefore, in order to obtain zinc powder with excellent fluidity, a range of 
methods of making the particles spherical have been proposed. Incidentally, it is known 
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that the shape of zinc powder particles is affected by the atmosphere and the oxygen 
concentration of the injection gas, and the lower the oxygen concentration, the more 
approximately it becomes spherical. A method has been proposed of obtaining zinc 
powder with high fluidity by making the oxygen in the atmosphere 8% or less in order to 
obtain spherical zinc particles (Japanese Examined Patent Publication No. Sho 60-9081, 
9082) [Unexamined Patent Publication Nos. 58-217607, 58-217608]. 
[0006] 

However, although the fluidity can be improved by this method, since it uses an 
inert gas, and the oxygen concentration must be controlled, expensive equipment is 
required, and thus inevitably the zinc powder produced becomes expensive. Furthermore, 
in the case where these particles are used for a gel, although the fluidity of the gel can be 
improved, the number of points of contact between particles decreases and the surface area 
of the particles becomes small, so the reactivity becomes poor. Therefore, there is a 
problem in that in the case where it is incorporated in a battery, the discharge utilization 
factor drops. 
[0007] 

Therefore, a method is proposed in which this spherical zinc powder and particles 
with different shapes, such as a fusiform or tear drop shape, are mixed to form gel zinc 
negative electrodes (Japanese Unexamined Patent Publication No. Hei 7-254406). 
[0008] 

However, although this method improves the fluidity of the gel, it can be 
envisaged that sufficient problems occur such as an increase in the cost due to an increase 
in the number of processes required to mix two types of zinc powder evenly, and a danger 
of contamination from the mixing equipment during mixing. 
[0009] 

[Problems that the Invention is to Solve] As described previously, when zinc powder is 
incorporated in a negative electrode agent of a dry cell, the quality of the fluidity is 
important. Both the method of obtaining approximately spherical zinc powder by 
decreasing the oxygen concentration in the atomizing injection gas, and the method of 
forming a negative electrode agent by mixing spherical zinc powder with zinc powder 
with a fusiform Or tear drop shape, have advantages and disadvantages. Both of them 
have problems of a drop in the discharge utilization factor and an increase in the cost. 
[0010] 
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Therefore, the objects of the present invention are to provide an alkaline battery 
zinc alloy powder, with low cost and good fluidity, using which an injection nozzle can be 
prevented from clogging when supplying gel, and which has excellent quantifiability 
properties, that can be obtained by reforming the surface of zinc powder produced by 
atomization, and a manufacturing method thereof. 
[0011] 

[Means of So lving the Problem] The present inventors accomp 1 ished the present 
invention by finding, as a result of keen research in order to achieve the above objects, 
that the fluidity of zinc powder is affected not only by the shape of the zinc powder 
particles but also by the friction force between the zinc powder particles, and that the 
sliding properties between zinc powder particles can be improved by attaching stearic acid 
to the surface of the zinc powder, so that the fluidity of the zinc powder is improved. 
[0012] 

That is, a first aspect of the present invention is an alkaline battery zinc alloy 
powder, which is atomized from a melt of refined molten zinc alloyed with additive metal 
components, wherein the surface is treated using stearic acid at 0.0005 to 0.1 part by 
weight relative to said zinc alloy powder at 100 parts by weight; a second aspect is an 
alkaline battery zinc alloy powder according to the first aspect, wherein said zinc alloy 
powder is alloyed with the addition of at least one or more components selected from Al, 
Bi, In and Pb; a third aspect is an alkaline battery zinc alloy powder according to the 
second aspect, wherein the contents of said alloy components are; Al at 0.001 to 0.01 
percent by weight, Bi at 0.001 to 0.05 percent by weight, In at 0.01 to 0.1 percent by 
weight, and Pb at 0.0 1 to 1.0 percent by weight; a fourth aspect is a manufacturing method 
of an alkaline battery zinc alloy powder in which powder is formed from a melt of refined 
molten zinc alloyed with additive metal components using an atomizing method, wherein 
after a solution of stearic acid dissolved in an organic solvent is added to and mixed with 
zinc alloy powder, the organic solvent is volatized and dried by heat or under reduced 
pressure, and thus the stearic acid attaches to the surface of said zinc alloy powder. 
[0013] 

[Effects] In the present invention, typical industrial refined zinc is used as a raw material, 
the zinc is dissolved, and at least one or more alloy components selected from Al, Bi, In 
and Pb is added to form a zinc alloy. 
[0014] 
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When alloyed with zinc, Al has effects of making the surface of the alloy powder 
particles smooth, decreasing the surface area associated with reactivity, and retarding the 
evolution of gas, and Bi, In and Pb have effects of increasing the hydrogen overvoltage of 
the alloy powder surface and retarding the evolution of gas due to corrosion during 
storage of a battery. It is preferable that these additional elements are incorporated in the 
constituent range of; Al at 0.001 to 0.1 percent by weight, Bi at 0.001 to 0.05 percent by 
weight, In at 0.01 to 0. 1 percent by weight, and Pb at 0.01 to 1 .0 percent by weight. If 
they exceed those ranges, there are cases in which the effect is small or a sufficient effect 
is not manifested. 
[0015] 

In the present invention, by attaching stearic acid to the surface of a powder 
atomized after a predetermined amount of specified elements has been mixed in and 
dissolved to be alloyed, it is possible to obtain zinc alloy powder with improved fluidity, 
and to use it as a negative electrode active material for an alkaline battery. 
[0016] 

In order to improve the fluidity of the zinc alloy powder, it is effective to add 
stearic acid, which is attached to the surface of the zinc alloy powder, at 0.0005 to 0.1 part 
by weight to the zinc alloy powder at 100 parts by weight. 
[0017] 

It is surmised that the reason that the fluidity can be improved by attaching stearic 
acid to the surface of the zinc alloy powder is that it acts as follows. The friction force 
between the particles is a major contributor to the fluidity of the zinc alloy powder. 
Therefore, decreasing the friction force on the surfaces of the particles is a key point in 
improving the fluidity. The surface of the zinc alloy powder produced using the atomizing 
method has an oxide film and is uneven, which is a cause of the friction force among the 
particles increasing. 
[0018] 

Stearic acid is a straight-chain type fatty acid having carboxyl groups as 
hydrophilic parts, and alkyl groups as lipophilic parts. In the case where a solution in 
which stearic acid is dissolved in an organic solvent, such as isopropyl alcohol, is added to 
and mixed with zinc alloy powder, and dried afterwards, it appears to attach such that the 
carboxyl groups, which are the hydrophilic parts, stick to the surface of the zinc alloy 
powder, and the alkyl groups, which are the lipophilic parts, are located on the outside. 
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Accordingly, it is surmised that at the contact points between particles, the contacts are 
made between zinc and alkyl groups, or between alky] groups and alkyl groups, and the 
friction force between the particles is reduced due to the high sliding properties of the 
alkyl groups, improving the sliding properties among the particles, and increasing the 
fluidity of the zinc alloy powder. 
[0019] 

In the present invention, the reason that the additional amount of steraric acid is 
0.0005 to 0. 1 part by weight to zinc alloy powder at 1 00 parts by weight is that the 
improvement effect on the fluidity is small at less than 0.0005 part by weight, and if the 
additional amount exceeds 0.1 part by weight, in the case where it is incorporated in a dry 
cell, the internal resistance of the battery increases, and hence it has an adverse effect on 
discharge performance. 
[0020] 

Hereunder is a further description of the present invention with reference to an 
example and a comparative example. However, the present invention is not limited to this. 
[0021] 

[Example] Each of the additional elements was added to and dissolved in a zinc metal 
melt with a purity of greater than or equal to 99.995% such that the content was as shown 
in Table 1. 
[0022] 

Next, this melt was sprayed using an atomizing method employing compressed air 
as a gas source, and powderized to produce zinc alloy powder. 
[0023] 

This zinc alloy powder was classified as 100 to 200 mesh, and isopropyl alcohol at 
1 .0 part by weight, in which a predetermined amount of stearic acid was dissolved, was 
added and mixed to the zinc alloy powder at 100 parts by weight, and afterwards it was 
dried by heating to approximately 60°C. The fluidity of the zinc alloy powder obtained 
was evaluated using the JIS Z2502 method, and the results are shown in Table 1. 
[0024] 

[Comparative Example] Similarly to the example, each of a number of additional 
elements were added such that their contents were as shown in Table 1, zinc alloy powder 
was produced using the atomizing method, it was classified as 1 00 to 200 mesh, and the 
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fluidity was evaluated without further treatment similarly to the example. The 
measurement results are shown in Table 1. 



[0025] 
[Table 1] 
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No. 


Composition (ppm) 


Stearic Acid Addition 
Amount (parts by weight) 


Fluidity 
(seeonds/50g) 
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40 




2 










Remainder 
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35 
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Remainder 


Additive-free 
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Remainder 


Additive-free 


60 
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Remainder 


Additive-free 


63 
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Remainder 


Additive-free 


56 



As is clear from the results in Table 1, the flow rate of zinc alloy powder in which stearic 
acid at 0.0005 to 0.1 part by weight was attached to the surface of the zinc alloy powder at 
1 00 parts by weight was within a range of 33 to 40 seconds/50g. By contrast the untreated 
zinc alloy powder had poor fluidity, and the flow rate was 56 to 66 seconds/50g. 
[0026] 

[Effects of the Invention] As described above, using a simple method, the present 
invention improves the sliding properties of the surface of a zinc alloy powder obtained 
using an atomizing method in which compressed air is sprayed without controlling the 
oxygen concentration in the atmosphere, so that a zinc alloy powder with excellent fluidity 
can be obtained. As a result, when it is used as a negative electrode active material for an 
alkaline battery, nozzle blockage and a problem of quantifiability properties are solved, 
which enables the workability in a battery assembly process to be improved significantly. 
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